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with the process, the performance of refrigeration equipment was assessed using the developed struc-
tural and parametric identification of a fuzzy model, as well as through the use of genetic algorithms
and artificial neural networks, the results of which allow us to investigate and establish the relationship
between the parameters of the freezing process in refrigeration chambers of an industrial refrigerator
and defects (failures), which are the causes of emergencies and accidents.

Key words: reliability, emergency situations, risk minimization, identification, cold supply, am-
monia compressor machines, neuro-fuzzy control, intelligent system.
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Objective. The purpose of the article is to increase the resource saving and efficiency of the device
for sorting apples of various varieties.

Methods. In the work for sorting apples, namely varieties Golden and Granny Smith, methods for
finding singular points were used: the Harris method, the SURF method, the SIFT method, the FAST
method, and others.

Results. It is noted that in modern conditions, the issue of improving food production processes
and equipment is extremely relevant. It is possible to improve the process of sorting apples by using a
system of tracking objects in the flow through the identification of contours of objects, namely video
surveillance through unique special points. Currently, there are a large number of algorithms for select-
ing special points of an image, which convey information about certain features of the image. On the
basis of complex analysis, it is considered that during the processing of the upper segment of the frame
f.(x, y, 1), the outline of the apple and its visual characteristics are determined: size (d), weight (m),
color (g). At this stage special points and their descriptors are defined. Unique descriptors of singular
points related to the selected object are memorized and in the future according to their location in the
lower fragment of the frame fB(x, ¥, 1) are evaluated and subject to selection. Attention is focused on
the fact that due to the limited speed of the executive sorting mechanism, it is important to estimate the
distances between groups of objects located close to each other. The method of multi-criteria selection
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involves extracting the apples with the worst indicators from a set of options that need to be selected
from the general stream. Apples whose indicators meet the specified conditions (size (d), weight (m),
color (g)) are removed from the general flow and sent for further processing in the food industry. In
order to increase the efficiency of apple sorting, it is proposed to recognize the contours of objects when
they appear in the frame and then conduct video surveillance of unique special points of the image. To
meet the condition of reliability, it was established that the threshold for determining the value of mu-
tual correlation should not be less than 0.955. A promising direction of further research is the analysis
of image processing methods of video streams to improve the quality of recognition by eliminating dis-
tortions caused by the movement of the stream of objects during video camera observation.

Key words: sorting, automation, sorting device, technological processes, apples, methods for find-
ing singular points, video surveillance.

Formulation of the problem. Today, the problems of improving the processes and apparatuses
of food production are becoming extremely important. Labor productivity at domestic food
production enterprises is 2—4 times lower than at similar enterprises in the developed countries
of the world, because about 50% of labor-intensive operations are performed manually and only
20% of existing equipment operates in automatic mode [1]. The quality of products and the costs
of their production largely depend on the efficiency of technologies, processes and apparatus, the
level of their mechanization and automation, which ensures the intensification of the development
of the food industry.

Analysis of recent research and publications. One of the main operations of post-harvest
processing of apples is their quality sorting. External injuries, such as bruises, depressions, burns,
reduce the commercial quality of the fruit raw material, reduce the shelf life. Recently, image
processing electronics have been improved to solve this problem, and recognition systems for
sorters are becoming increasingly important.

When detecting and recognizing apples, it is advisable to use the characteristic features of
images [2]: geometric, radiometric, texture, topological, dynamic, temporal. Currently, there are
a large number of algorithms for selecting key points in images that transmit information about
certain features of the image.

According to the Harris method, the singular points are the corner points of the brightness
difference [3]. The application of this method involves the performance of a sufficient resource-
intensive operation of calculating the matrix eigenvalues. Also, as noted in [2], the application of
the method is inexpedient under conditions of image scaling and rotation, which are typical for
images of objects moving in a stream on conveyor lines.

Considering the SURF [4] method, the search for singular points is based on the calculation
of the Hessian matrix. In addition, as shown in [4] for images with a uniform texture, which
include images of objects, the SURF method demonstrates a low accuracy of personal point
comparisons. The FAST (Features from Accelerated Test) method proposed in [5] involves the
construction of decision trees for classifying pixels in a stream image.

The SIFT method proposed in [6] is completely invariant to scaling, rotation and translation,
and also partially to affine transformations and changes in illumination. Characteristic features
are distinguished at different image scales by filtering, which makes it possible to find blurry image
gradients with different local orientations.

According to the SURF method [4], the search for singular points is based on the calcula-
tion of the Hessian matrix, as a convolution of the pixel values of the image of the flow object with
the Gaussian Laplacian. It should be noted that the Hessian is rotation invariant but not scale
invariant. In addition, as shown in [2] for images with a uniform texture, which include images of
objects, the SURF method demonstrates a low accuracy of matching singular points.

Objective of the article is to increase resource saving and efficiency of the device for sorting apples.

Presentation of the main study material. Presentation of the main study material. It is possible
to improve the process of sorting apples through the use of an object tracking system in the stream.
On apple sorting devices, it is advisable to recognize the contours of objects when they appear in
the frame, and then their video surveillance of unique special points of the image. To do this, the
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frame of the video stream is divided by a conditional horizontal line in accordance with fig. 1,
passing through the line with the MS index into two fragments.
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Figure 1 — Processing principle of apple flow image
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The apples on the conveyor belt will move from the top of the frame to the bottom.

When processing the upper fragment of the frame f (x, y, 7) the contours of apples and their
visual characteristics are determined: size (d), weight (m), color (g). At this stage, the search for
singular points in the entire image and the calculation of their descriptors are performed. The
unique descriptors of those singular points that belong to the selected objects are stored, and in
the future, according to their location in the lower fragment of the frame fB(x, ¥, 1), the location of
the corresponding apples to be selected is estimated.

The limited speed of the executive sorting mechanism does not allow dumping apples located
close enough on the same line in the direction of the conveyor line. Therefore, the distance
between groups of closely spaced objects is estimated and the method of multi-criteria selection
is made, apples with the worst indicators are excluded from the set of options to be selected from
the general flow: minimum size, improper external condition and color. It is derived from the
general flow of apples, which can be sent to the industrial processing according to the following
characteristics: size (d), weight (m), color (g).

If there are, in the general case N objects from which the choice is made, we have the fol-
lowing characteristics [6]:

d={d|L.N}, m={m|I..N}, g ={g|l..N}.

The object with index i includes a set of characteristics with the same indices ®,;= {d M, g, } .In
the general case, when choosing one element from a set ® = {®i|l... N}, it is necessary to ensure
the maximum approximation of the values of the element’s characteristics to some given values of
the «ideal sample» @ = i@, m", g* .

At the initial stage, certain areas of the image containing apples are scanned according to the
specified characteristics in accordance with fig. 2.

The following designations are accepted: E — is the original image, Ln — is the set of
points of the observed image fragments; Hn, Gn — are the set of points from the flow of apples
and background points in the observed image fragments. In this case, the centers of the im-
age fragments are located at a point corresponding to the predicted coordinates of the given
objects (Anx (1), Any(n)).
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- . - ,
Figure 2 — Fragments of the image of the flow
of apples containing the desired objects

Taking into account the noise introduced by the video camera, the model for observing a
sequence of images of a stream of apples [7].

L(n)=R(n)H(n)+(1-R(n) G(n)+Z(n) Q)

where L(n) — is the observed image presented as a vector; H(n) — is the vector corresponding to
the image Hn; G(n) — is the vector corresponding to the background image Gn; X(n) — noise vec-
tor; R(n) — is a square diagonal matrix whose diagonal elements are r, = {1,0} ; 1 is the identity
matrix.

To solve the problem associated with determining the singular points of apple images, the
dependences of the basic SIFT algorithm and its modifications DSIFT [6, 9, 10] and FastDSIFT
[8] were studied. It has been established that the error in determining descriptors using the FastD-
SIFT method for different values of the number (bin) of the descriptor exceeds the similar DSIFT
indicator according to fig. 3.
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Figure 3 — The magnitude of the error definition of
image fragment descriptors of the stream of objects

The use of modifications of the FastDSIFT method makes it possible to significantly increase
the speed of work of departments to determine the basic SIFT method, the speed of which is as-
sumed to be one in accordance with fig. 4.

As a result of the study of the SIFT algorithms and its modifications DSIFT and FastDSIFT
for solving the problem of determining the singular points of images, it was found that the error
in determining descriptors using the FastDSIFT method for different values of the number of
regions (bin) of the descriptor exceeds that of DSIFT slightly. At the same time, the use of the
FastDSIFT method made it possible to significantly increase the speed of the descriptor deter-
mination subsystem, which allows us to conclude that it is advisable to use it in the food industry.
Since, in this case, the more important factor is the accuracy of the video tracking system for
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Figure 4 — Increasing the speed of the subsystem for determining the descriptors
of a fragment of an image stream of objects

objects in the stream, the value of the binSize parameter was chosen to be 4, which corresponds to
an increase in the speed of work by an average of 26—27 times.

Conclusions. Therefore, the apple sorting process can be improved by applying an object
tracking system in the stream. On apple sorting devices, it is advisable to recognize the contours of
objects when they appear in the frame, and then their video surveillance of unique special points
of the image. When processing the upper fragment of the frame f (x, y, 7), the contours of apples
and their visual characteristics are determined: size (d), weight (m), color (g), special points are
searched for throughout the image and their descriptors are calculated. The unique descriptors of
those singular points that belong to the selected objects are stored, and in the future, according
to their location in the lower fragment of the frame fB(x, y, 1), the location of the corresponding
apples to be selected is estimated.

To comply with the condition of detection authenticity, it is established that the threshold for
the cross-correlation value must have a value of at least 0.985. Promising directions for the subse-
quent stages of research are methods for processing images of a video stream in order to improve
the quality of recognition by eliminating distortions caused by the movement of a stream of video
camera objects.
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Mema. Memoio cmammi € nideuuerHs pecypcozoepedceHHs: ma egheKxmueHocmi OyHKYIoHY-
BAHHS NPUCMPOIO 0451 COPMYBAHHS AONYK PI3HO20 PI3ZHOGUOY.

Memoou. Y pobomi das copmyeanns s6ayk pizHoeo piznosudy, a came copmie s6ayk Golden i
Granny Smith, 6y10 3acmoco8ano memoou nouLyk ocooausux mo4ox: memood Xappica, memod SURF,
memod SIFT, memoo FAST ma inwi.

Pesyavmamu. 3a3uaueno, wo 6 cyuacHux ymoeax Ha036u4aiiHO AKMyaibHUM HOCMAE NUMAH-
Hs1 YOOCKOHANeHHs npoyecie | 0baadnants xapuosux eupodnuuyme. Iloxpawumu npouec copmyeam-
HSL 104K MOMNCAUBO 3a OONOMO20H) 3ACMOCYBAHHS CUCHeMU 8i0CMelNCeHHs 00 EKmie y nomouyi yepe3s
idenmuchikauyiro Kkonmypie 00°ekmis, a came 8i0eocnocmepedceHHsIM Yepe3 YHIKAAbHI 0co0au8i moy-
Ku. B danuii uac icnye eauxa xinvkicmo aneopummie UOiieHHs 0COOAUBUX MOUOK 300PANCEHHS,
AKI nepedaroms iHgopmayiro npo neeHi ocobausocmi 3006paxcenHs. Ha ocnosi KomnaekcHo2o ananizy
66aCAEMbCS, W40 Ni0 Hac 00POKU 6ePXHbO20 ceemenma Kaopy f (X, y, 1) 6U3Ha4Aemvcs KOHmyp 104y~
Ka ma iioeo 8i3yanvHi xapakmepucmuxu: po3mip (d), eaea (m), koaip (g). Ha uybomy emani 3naxo-
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0ambcs 0cobAUBI MOUKU ma 064UCAI0IOMbCSA IXHI deckpunmopu. YHiKaavhi deckpunmopu 0cooausux
MOY0K, Wo Harexicams 00 6UOPAH020 00 €EKMA 3anNam ’ImogyromsCs i Ha0ani 32i0H0 X po3mauly8am-
HS 8 HUJICHbOMY (ppazmenmi Kadpy fB(x, ¥, 1) ouiHoembcs ma nioasearoms 8idoopy. Akuenmyemocs
y8aea Ha Momy, Wo y 36 13Ky 3 00MeNCceHO WEUOKICMI0 BUKOHABH020 COPMYBANbHO20 MEXAHI3MY,
8ANCAUBOIO € OUYIHKA gi0cmaHell Mic epynamu 00 €ekmig, po3maulo8anux 04u3bko 00Ul 00 00H020.
Memodom bacamokpumepiiinoeo 6ub0py 30ilCHIOEMbCS BUAYHEHHS AOAYK 3 HAllIPUUMU NOKA3HUKA-
MU i3 MHOJICUHU 8APiaHmMia, AKi nompioHo eubpamiu i3 3a2aabHoeo NOMokKy. HAoayka, noKa3HuKu AKUX
gionogioaroms 3adanum ymosam (po3mip (d), eaea (m), koaip (g)) euayuaromocs i3 3a2aabHo20 NO-
MoKy i 8i0npaesaaomuscs 041 no0arvbuloi nepepodKu y Xxap4oeiii npomMuca080cmi. 3anponoHo8ano 0as
nideuujenus epexkmusHocmi npucmporo 018 COpmyB8anHs A0AYK pO3nizHAeamu KOHmMypu 00 €Kkmia,
KOAU BOHU 3’16A510MbCsL Y Kaopi [ Hadani nposodumu 8i0eocnocmepeicerts 3a YHIKAAbHUMU 0CO-
oausumu moukamu 300padiceHts. na 0ompumanus ymogu 0ocmosgipHocmi 6y10 6CMAHOBAEHO, WO
nopie 045 6U3HAYEHHS 3HAYEHHS 83aeMHOI Kopeaauii mae oymu wonaiimenue 0,985. Ilepcnexmues-
HUM HANPAMKOM NO0AAbULUX 00CAIOMNCEeHb € AHANI3 Memodie 00pobKU 300paicetb 8i0eonomoKie 0ns
nidsuuenns aKocmi po3ni3HABAHHA 34 PAXYHOK YCYHEeHHs CHOMEOPEHb BUKAUKAHUX PYXOM NOMOKY
00°ckmi6 y npoyeci cChocmepedceHHs1 8i0eoKamepor.

Karwwuosi caosa: copmysanns, asmomamu3sayis, npucmpiti CopmyeaHHsi, MexHoA02i4Hi npoye-
cu, 20ayKa, Memoou NOULYK 0codausUX Mo4oK, 8ideocnocmepediceHHs.
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